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AssrnAéT | TN

Safety in the Air is designed to be tauqht asa six lesson umf to middie school
. students, preferably sixth, seventh, or eighth grade level.

Tms curriculum is designed first of all to;familiarize both the teacher and the
. student with some basic prmciples and concepts of our atmosphere and of the
theory of flight. it appears to be more feasible to teach about airtraffic systems if ’
both students and ;eacher have some background informatign concerning both the
vehicles that travel the air routes and the air mediwm Hsetf a mass through which  *
aircraft travel .

. A tesson on .pilot training and certifigation ns desidned to foster conﬁdence'v
and westablish credibility in personﬁel flying the aircraft that fnake up the air
transportation system. .

Lessons about air traffic safety.are introduced and accopymodations are made
) for safety in the air for both general aviat,on aircraft and commercial aviation
flights. . ' .
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INTRODUCTION

”~

Thiscurriculum is deéigned to tammarize students with air trafflKafety and
thespeople that make alr traffic safety possible.

Many of the suggegtions throughout this upit are written in the hope that }ou
the teacher will be stimulated by the suggestion to go beyond that suggestion and,

because of your unique, particular class

. acﬂvmes that are truly meaningful to your students.

Many of the diagrams are designed to be used as ditto masters or transparan
cies (or possibly both). Federal Aviation Administration (FAA) education materials
and films as listed at the epd of this uhit are available to you.

Air traffic control has proven to be one of the most efficient systems in opersa-

7

tion in the United States and hopefuny you and your students wm learn to ap»'

precxata it and becoms a part of it.

Pur3uant to contract #DTFA01-80-P-83085, this curriculum materii was
designed and written by Ted Colton] Associate Professor of Science Edu
Georgia State University, At!gnta.’GeorgI&‘
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Ted.Colton
Georgia State University
Atlanta, Georgia
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and students, create or design

tion,
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. LESSON 1 - ,
4 : ' ‘
' WHAT IS AIR?
s . -~ f
Conceptual Scheme ' .

Air is a fluid'substance that Rjas specific properties.

Obiectlm
Upon comglenon of this lesson, the student should be abie to:
1. define air as a fluid substance because it can flow™

. 2 name the three properties of air as having weight, takmg up space, and

xe ng pressure,; L S
. demonstrate the properties of air by constructing an experiment for each
roperty. and

4. demonstrate an understanding of the structure of the atm({sphere using any *

technique or strategy of his/her choice. p

TO THE TEACHER

Aircraft, much ike ships, must ply their way through a medium. With ships, that,
medium is, of course, water. Aircraft also travel through.a medium that acts much
like water and, in fact, has many of the pgoperties of water. That medium is air.

Air is a coloriess, tasteless, odorless gas that behaves in similar ways to water.
Because air has mass and takes up space, it has weight, it exerts a pressure in all
directions. Air flows and reacts to temperatures. Air can be compressed, whereas
water generally cannot be.

This igsson Is concerned primariiy.with air, how it behaves and what its proper-
ties or characteristics are? It is also concerned with the earth’s atmosphere and the
properties of that atmosphere at various aititudes. . .
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B  TECHNIQUES AND STRATEGIES e

I, Discuss air as matter:
a. having propertiss of
{1) weight
(2) takes up space
(3) exerts a pressure
b 3 gas peir_ug odoriess, tasteless, colorless.

M. You may want the students working in small
groups to conduct the following experiments, or
allow students to experiment at.learning stations
individually.

Prior to these experiments you may want to in-

strucl the class in techniques of keeping observation. -

notes; students may keep a book of experiments and
notes of observations.

‘Example: Problem: Proving Air Has Body

¢ Date:

Materiais needed: bottle
funnel N
straw -

) modesling ciay

water -

Observation Notes: (what took place or

happened?) .

. 1 put funne! into top of bottie.and stuck it

with clay e .

rd
2. | poured water into the funnel.
3. The water stayed in the funnel; it went
J down siowly, the teacher said my clay wasn't tlgh!
enough. ' Y
or ¢
, - 4. | put the straw through the water into the
“dottie and the water went into the bottle.
The completion of these experimengg should lead
students to conclude that air has y.

Iii. Demonstrate that air takes up space.
A. Equipment: soda pop bottle

small funnel s
soda straw

4 “~ modeling clay ‘

r cupful of ‘water < oo

Seal the funnei tighMy Into the neck of the bottie
with modeling glay. Pour the cup of water into the
‘funnel guickly. The water staysin the funnei because
the air in the bottle cannot get out. . !

Time:;___.,"-._;_.,‘.\\_

Pass the straw through the funngl into the bottle.
Suck out a mouthfiyl of-air. Some of the water goes
down into the bottle.faking‘ the place of the air
sucked out. ' (

L3

)

2. Equipment Wide-necked bottle or jar with an
gir-tight lid
soda straw
modeling clay
smay ballcon
tn;ead

Blow up the balloon just enough to fit very loosely
in the bottle. Tie a thread ardund the neck of the
balloon so the air will not escape. Drop the balloon

\

4nto the bottib. Punch a hole in the lid and insert the |
straw; seal it with modeling clay. Screw the iid on the ™

bottla. Suck some of the air out of the bottie through

the straw and clamp your finger over the top of the

straw to prevent air from rushing back into the bottie.
e balloon gets larger because the air inside the
alloon expands as the air ptessyre decreases in the
ttie.

(;_7

Y

&
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- filled glass under t

3. Equipment: water glass
.cork ¢
large glass bow!
facial tissue ,

J.

Remove the glass and the cork. Stuft facial tissue
into the bottom of the glass. Invert the glass and
p@sh to the bottom of the bowl. The nssue does not

‘ wet.

— -

4, Equipment: 2 water gfasses .
large dishpan or other container

filled with water
¢

Air, like water, is ﬂusd—you ca pour it. Place one
glass into the container so that it ™is up with water.
~ Place a second glass into the water upside down so
that the air.does naf escape. refully tiit the air-

%{Q water-filled glass. By doing

&

T N , s
Fill the bowl ahout three-fourths full of water. Drop
the cork on-top of the water. Invert the glass over the’
cork and push to the bottom of the bow!. The cork
goes to the bottom of the bow! under the glass, Air in

the glass keeps the water out.

: b
, R -

\ -

' ]
. &
this, yQu can pour the air up in bubbles. Each bubhble
is a m% palkage of air made visibf! by being in the

water. With a little practice you can keep pouring the

air back and forth between the glasses without los-
ing any of it.

POURING AIR UP
IN BUBBLES

I »
.



5. Bqduipment: soda pop botHe

# pan of water Y- .

Put the bottié ipto the pan so that it fills up with .

water. Betore the water can get into the bottle, alr

mus} flow out. Watch the air bubbles as they rise to
the surface of the water.

-

V. Demonstrate that air has weight.

é
1. Equipment: wooden dowel or {inker toy stick
about one foot<4ung ~
' string, 1 yard
’ 2 balloons exactly alike

»

Blow up the balloons to the same ske, and tle

them at their necks with a piece of string. Tie ond
balloon to each end- of the dowel stick. Attach
another piece @f string to the center of the dowel

stick 4nd suspend it from some convenient place. -

Balance the dowel stick. Prick one balloon with a pin.
As the air rushes out, the pricked balioon shoots up
and the heavier, air-filled one drops down.

¢ presses on all sides of our bodies, but

LAY . ‘

2. Equipment: football or basketbail
-good scale

. .
Squeeze all the air possibie out of the bali; then

* weigh the balil. Blow the ball up again and weigh it.
The infiated ball should weigh a few ounces more.

wooden upright
\ _rod about 4 feet long
pail -
sand or gravel
. deflated ball (basketball, voliey-
¢ * Ball, or soccerball)
bicycle pump . .

3. Equipment:

-

Nail the rod at the center to the upright. Subpend
deflated ball at one end and the pall at the other. Us-
ing thesand, balance the two. {nfiate the baii, pump-
ing as much air as the ball will take. Replace it.
‘The ball pulls down and unBalances the* pail of
shnd, showing that air does have weight. ’

’

V. Demonstrate that al értbpmm g
Since moving air particles have weight, they press

with force against whatever they touch. Air presses

upward, downward, sideways—every way. Alr
: e do not
notice it because our bodies are made to withstand

this pressure.

water glass .

. 1. Equipment:
' . piece of thin, flat cardboard

’

board over the giass. Carefully tum the glass upside
down, holding cardboard tightly to the glass. Take
your hand away from the cardboard. The cardboard
stays In place against the glass. Tilt th@ glass or hold
it sideways, and the cardboard stili remains in place.

- e

19 - -

Fiil'glass {o the top with water. Place the card-

L 3

e

-9



An elephant has a built-in straw, and he puts air
pressure to work every time he takes a Hrink. He puts :
. his trunk in water, and breathes in to draw the air out

Ld

At A and B the upward and.downward pressures
balance, but.at C the upward pressure of air is
greater than the downward pressure of water and
holds the cardboard in place.

2. Equipment: soda straw or glass tube”

# Put your finger over the top of a soda straw filled
whth water. Lift or tilt it. The water wiil not run out

_ because your finger cuts off the air pressurg,on top,

but air still presses up against the water at the bot-
tom of the straw. Take your finger away, and the

e

. water)uns out of the straw.

3. Equipment: r jar with a tight cap ~
" soda straw
modeling clay
N

Fill the jar up to the cap with water. Punch aheolein
the cap and insert the soda straw. Seal tightly around
the straw with clay. Put’the cap on tightly sp that n&
air can get into the bottle. Now try to suck the water
out of the bottie. No matter how hard you suck, the
water wiil not flow through the straw. Release the

cap on the bottle just enough to let.in some gir,’and-

try to suck the water through the straw. Now, as you
suck through the straw, the air pressure is lowersd
linside the straw. Air pressing on the surface of the
water in the bottie pushes it up thrugh the straw as
you suck through it.

of his trunk, As he dods this, the watar fills his trunk.

4, Equipment: large medicine dropper or any kind
) y of a tube with a sefction bulb

Put the droppser or tube in a pan of water and
squeeze the atfaéhed buib, forcing the air out of the
tube. Release the bulb. Water now rushés into the
tube. Lift the tube out of the water. The water does
not run out. Air pushes on the-water in the tube and
holds:it there.

[ 3

MEDICINE DROPPER. -

5. Equipment: 2 large, flat, rubber sink-stw’

Air praessure tug-of-war: After wetting thair sur
taces, press the two sink-stoppers together so that
no air is between them. Ask a friend to pull on one
while you pull the other. You can’'t puil them apart,
But just let the air. get in between the pads or
plungers, and prestol—they separate..

-
%. Equipment: -tin cg'n with a scrgw-on gnetal cap,
such as’a maple syrup can
hotplate or burner

Make sure the can is clean. Pour t an inch of

.. hot water into the can. Put it on the burner and heat it

until you see the steam coming-out of the opening.
Wait another few seconds and furn off the heat.
Screw the cap on tightly and wait for it to cool. The
can suddenly begins to cave in. .

"

’

-~



=J

COOLED CAN~ : .

. N
When itwas heated, water turned into steam, driv-

. ing out most of the air. ,Now as the can cools, the

‘ steam turns back into water, leaving neither air nor
‘steam inside the can. A partial vacuum has bean
created. Consequently, the pressure of -air outside
the can, being greater than that inside the can,
crushes the can. s

-, .

V. Alr makes up our atmosphere.

A. The Atmosphere * hd
Our’ atmosphere consists of 78% nitrogen,

. 20.9% oxygen, and 1.1% carbon dioxide and other

gases. These gases are very important to the body
physiologicaily. Because of constant mixing by the
winds and other weather factors, the percentages of
each ghs in the atmosphere are normally cdnstant to
70.000 feet. Utilize Diagram 1-1, Percent of Gases in
the.Atmosphere, to assist In explaining the content
of our atmosphere.

+ B, Nitrogen and Oxygen N

(1) Nitrogen is responsible for the major por-

tion of the total atmospheric weight and, in turn,
pressure. .Nitrogen is dissolved In and Is carried by
the blood. Nitrogen does not appear to enter into any
chemical combination as it is carfied throughout.the
body. Each time we breathd, the same amount of
nitrogen is exhaled as is inifaled.

(2) Oxygjen is a colorless, odoriess, tagteless

gas that Is absolutely essential to life. Each time we
breathe, we breathe in oxygen that is taken into the

C] X
- s |

lungs and absorbed into the blogdstfeam to e car-

ried to all parts of the body. it is Used to *‘burn™ or ;

oxidize food maferials and produce energy transfor-
mations in the body. ’ )
. { rd

C. Airis heavy , P

Air is heavy. it weighs 14.7 pounds per square,
inch at the earth’s surface at sea lam(?%wmgly
speaking, that is the pressure created by a col of -

air one inch square and about 100 miles high (the ap-
proximate thickgess of the layer of free air or at-
mosphere coyering the earth). A person normaily
does not notice,this pressuré becausge it presses
upon him equally from-all diregtions. Diagram 1-2,
Weight of Atmosphere, and Diagram 1-3, Pressure
Varies with Altitude, may be used to &id in teaching
this about pur atmospherse.

The weight of the atmosphere does not remain -

the same from top to bottom. Some people like to
talk of the atmosphere as an ocean in which the diver
finds that the pressure gets greater the deeper he
goes. Others picture the air as a haystack because
hay packs down at the bottom of the stack and is
fairly loose at the top. in the same manner, air aiways
remains the same in composition, but it is denser at
the bottom because of all the weight-on top.

‘ 'D. The ‘atmosphere is divided into -layers or
regfons. '

(N USing Diagram 1-4, The Atmosphere, as an
overhead transparency,” discuss the tollowing
features of the atmosphere. :

The atmosphere is made up of two main,
regions,.the homosphere and the heterosphere. The
homosphere extends from the Earth’s surface up to
an aftitude of about 60 miles. The prefix hormho-
medns same; thus, the homosphe¢®e is that rBgion in
which the gaseous composition and mixing are
relatively® constant {i.e., 78% nitrogen and 21%
oxygen.) .

The heterosphere (hetero- is a prefix mear-

7~

ing _différent) begins at the 60-mile aititude. Within .

this region, the molecules and atoms of the at-
mospheric.gases tend not to mix, and they take on a
vettical _arrangement. At this aititudg, they are
spaced much farther apart, and gravity influences
them according to mass. Thus, molecular nitrogen
{N;) and Oxygen (O,), which are the heaviest, will be
found in greater abundance in the lowsr portion of
the hetergsphere. Continuing upward,’ jhe lighter
atomic oxjgen {0), helium (He), and hydrogen (H)
predominate. The gxosphere, the upper subdivision
of the heterosphera, is considered to extend into
““‘space.” é , S

{2) The atmosphere may also be divided into

¥

. reglons based on differemiatigns of temperature.
) t
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ig* thgp more common -classificatlon used in
tefererice to amtudé The lowest layer of this thermal
.Structure iS the troposphgre (tmp&tumingr\mch ex-
tends from the.surface to a maximum of 10 miles.

Temperfture within the troposphere -

dacfeases at a fairly constant rate'as altitude In-

.. creases. This decre@sein temperatute-—called fapsg

rate—averages approximately.2°C (3.5°F) per 1,000
. Yeet increase in altitude. .

IT IS WITHIN THE TROPGSPHER% THAT-'

MosT OF OUR™WEATHER" OCCUHS.

At the Yop of the troposphere-tsThe tropo-
pause—-t'he point where the“lapse rate coasés amd
the' point at which the temperature has dropped to
—60°C { - 76 °F). We shoulid think of the tropopause

as a dividing line, rather than a layer or regjon. In any

evenf, this is the *‘point” where the temperature
stops decreasing with altitude, and where the base
of the stratosphere begins.

The stratosphere is identified as the at-
mospheric.region where the temperature either re-
mains conséant or increases slightly with increase in
altitude. For convenfence of éXpianation, we will'say

‘I ’ .. . .

At 19 ‘miles ‘up,” the warming trend
stabilizes, and there is another dividing line Ealled
the stratopause Here s whare the next region
beégins—the mesosphere. From the stabilized
— 40 °C stratopause, the mesosphere shows first a
-marked increase in temperaturé to + 10°C ( +50°F), -
' then'a Becrease until at about 50 miles altitude the' ¥
temperature has dropped to" as low as -90°C
{ — 130 °F). This-point is. called the mesopause.

From about 50 miies outward to about 250
‘miles, there is the region called the thermosphere.
Here the temperature increases again. But how much
incr@ase there is depends on solar activity. This
amounts to a variation from +750°C (1 380’F) to
, +1,250°C (+2,280°F). -Thinking in convefhtional = *
"terms, we are In space, or the exosphere, aihis *
. point. Therefore, temperature is a relative “ort of,
thing. It depends on one's proximity to the sun and  /
whethey” or not the “thermbmeter™~s in :direct
sunlight or is shaded from the sun. {Spacecraft on
the way to the moon rotate slowly lo prevent
overheating on the “sun* side.)

. . Use Dnagram 1-5, Thé Atmosphere Show- .
ing Temperature Variations, .as an overhead

that the sffatosphgre begins at 10 miles and extends
- 1o about 19-EBEYFrom the base to the top of the _ transparency while you discuss this topfc. . ,
' stratospherd, WEN® emperaturq rises from. -60°C
(-76 'F)-to ~40°C (~40°F). . ¢
Diagrain 1- 1 ' ’ ' ]
Percentage of Gases in.the Atmosphere . .
A . ) . r * -
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Pressur‘ Varies with Altitude
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‘ Diagram 1-5 * ' ¢ -
o - The Atmosphere Showmg Temperature Vanattons
. -
. - r : T~ -2 ~
L] /
, ' 7 - — - . . THE ,
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.. LESSON 2 I
. L4 L
' FLIGHT R
Concepiual Scheme . . : oo

Air is a fluid that under certain condmons supports mgm o,

~
‘

" Objectives ' Ce

Upon compistion of this lesson, the student shouid be abla to:

1. demonstrate Bernoulli's principie by diagramming or constructing a modal
2. define an airfoll as a structure designed to obtain Hft)

3. demonstrate the application of Newton's third law on an airfoil by diagram-

ming or constructing a model; and Y
4. demonstraie knowledge of induced lift and dynamic lift by diagramming the
forces invoived to producse total lift. y .
7 | A
N -
TO THE )‘EACHER s

This lesson ooncerns thve theory of mght and certain physical propemes of
flowing air that contribute to fiight. Once an alrcraft leaves the ground, it Is sup-
portedin the air'Dy aerodyn#itnic forces. & Is the pxamination of these forces acting
upon an airplane and the application of the principles upon which these forces are
based that this lesson Is all about. .

18
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‘the door is kab

Alr is a fluid because it can ﬂow Flufds are de-
fined in the'dictionary as any substahce that can
fiow or has the capability of flowing.

A good example of flpwing air might"de the cold
air flowing oyt of the bottom of the refrigerator when

t open.

I Bemoulﬂ's Principle and Indueed Lift

One of the most significant physical laws that led
to the creation of an airfoil is the Bernoulil Principle.
M years ago, Danle! Bernoulli (1700-1782)

gloped a theory concerning the behavior of flulds,
and his theory’ has been accepted as a partial ex;
planation of how air pressure and velocity interact on
an girfoil to help provide the lift necessary Tor flight.
His theory was that the total energy of a fiuid in mo-
tion is constant at all points in its path of steady
tiow. This means that jf 3t any point in the flow path
the velocity of the fluid increases, then the pressure
of the tiuid must decrease at that point propor-
tionately. You can prove this theory very simply by
taking a small strip of lightweight paper, piacing the
end of it against your fower lip while supporting it in

a horlzontal position, andggently blowing along the |

paper's upper surfacs. The extended end of the paper
will rise. What has happened is that you have in-
creassd the velocity of the air prassing on the upper
surface of the paper and, simuitaneously, lowered ’
the pressure on the upper surface. You have not
disturbed the pressure or velocity of the air under the
paper. The result is that thefpressure under the paper
is greater than the pressure on top, thereby providing
a lifting action. The resumng lift is called induced
lift.

Use Diagram 2-1, lnduced Lm to explain Ber-
noulil's Principie. - o

" NI Use the foliowing agtivities to show how the cres-

tion of an airfoll demonstrates Bernoulli’ 'S Prin-
ciple and creates 1ife.

1. Equ!pment strip of notebook paper or news-
+  paper, about 2 {nches wide and
10 inches lonq
book .
paper clips T \
Make an airfoil (wipg) by placing one and of the

strip of paper between the pages of the book 8o that |

L

. 15
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. i Alr as g Fluld y

[ Y .
the other hangs over the top of the book as shown in

Diagram A. Move the book swiftly through the alr, or

blow across the top of the strip of paper. it ﬂutters
upward. ‘ . , ..-

AIR PRESSURE AT THE TOP

S, EQUAL {0

»

Pe-

AIR PRESSURE
AT THE BOTTOM

Hold the book in the breeze of an electric fan
s0 the air blows over the top of the paper.

Take the strip of paper out of the book. Grasp
one end of the paper and set it against your cfiin, just
below your mouth. Hold it. in place with your thumb
and blow over the top of the strip. The paper rises. Try
the sams thing after you have fastened a paper clip
on the and of the strip. See how many paper clips you
can lift in this way. 3

Hold the strip of paper in your hands and run

+ around thé room.

it doesnit- matter whetfar you move the air over
the strip of paper by biowing or whether you move the
papef rapidly through the air—eithar way it rises.

.

* AIR PRESSURE AT THE TOP
. IS LESS THAN

A\

AIR PRESSURE AT
- THE.B@TTOM
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Bernoulli’s Principle states thatan increase in
the velocity of any fluid is always accompanied by 8~
decrease in pressure, Alr is a fluid. If you can cause
the air to move rapidly on one side of a surfage, the

pigBsure on that side of the surface is less than that

_on its other side.s, t .

v ' FASTER MOVING AIR . . .
. - ... LESS PRESSURE
- 3 -t
-lfp— -

SLOWER MOVING AIR . . .
.. . MORE PRESSURE
-»

Bernoulli's Principle works with an airptane
wing. In motion, air hits the Iea@ing edge (front edge)
of the wing. Some of the air moves under the wing,
and some of it goes over the top. The air moving oygr
the top of the curved wing must travel farther to
reach the back of the 'wing; consequently, it must
travel faster than the air moving undd the wing, to
reach the trailing edge (back edge) at the same time.
Therefore, the air pressure on top of the wing is less
than that on the bottom of the wing.

-

- 3 '
2. Equipment: 2 sheets of notebook paper

Hoid two sheets of notebook paper about four
inches apart. Blow between them. instead of flying
' apart, they come together. The alir moving rapidly be-
Cs tween the two pieces of paper has less pressure than ~
the air pressing on the outer sides of the paper.
[ 4

<

v 16
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3. Equipment: pin
spool
cardboard, 3" x3", lightweight
but firm .

Placelthe pin through the center of the card-
board. Place the spoo! gver the pin so that the pin ,
goes into the hole in the.spool. Hold the card against
the spool and blow firmly through the spdpl. Release
your hand. The card does not fall.

LY . !
: \ ' \
- ‘W] - CARDBOARD
1L _ ’ v \P!N

-

. ]

AIR MOVING RAPIDLY COMES
» OUT MERE--LOWERS THE PRESSURE
;o BETWEEN CARD AND SPOOL

¢ - g BLOWY HERE

i

LY
\\
LN

4. Equipment: ping-pong balil
tank-type vacuum cleaner

Connect the hose to the blower rather than to
the suction-end of the vacuum cleaner. Turn the
switch on. Hold the hose vertically so the stream of

\\‘

PING PONG BALL
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air goes straight up. Rel the ping-pong ball into

the stream of air about a fodY from the nozzle. Siowly

tip the nose s0 that the air shoots at an angte. The
ball will stay suspended in the alrstream.

The-force of gravity upon tha ball fends to
make it drop out of the.airstream. However, the fast-
moving airstraam lessens the air pressure on the
portion of the balil remaining in the alrstream, over-
coming the force of gravity, with the result that the
ball remains suspénded.

’ P
V. Newton's Action/Reaction Theory and Dynamic
ft 4 : - .
Newton's third law of moffon states that for every
action there is an egual and opposite reaction. When

a wing 1s slanted so that the leading edge is higher
than the trailimg edge, the.relative wind strikes the

;- Siades Total Lift, com
*Principle) and dynamic 1ift (as a resuit of gpplication

»
lifting action (reaction), with the amount of iift de-
pending, among other things, on the speed and the
angle of attack, the angle being the amount.the
* leading gdge Is higher than the trailing edge, in rela-
tion to the relative wing. This vary simple action-
reactlon'princip!! actually provides from 15% to
30% of an alrcgaft's lift {(dynamic lift), and the re-
mainder of the lift (indu iift) is provided by the
less obvious pressure differential based on Ber-
noulli's Principle.
* Use Diagram 2~2, Dynamic Lift on a Kité, to help
explain the principie of dynamic lift using Newton's
Jhird iaw of motion. Use Diagram 2-3, Dynamic Lift,
to show dynamic lift on an girfoil (wing).

-~
ic LNt Plus Induced tsﬂ Pro-
s Induced iift (Bernoulii's

V. -Diagram™2-4,

%f Newton's third law of motion). Use this as an

underside of the wing (action) and thewing is givena  overhead to demonstrate totai lift. ’
‘ . \ | .
[ 4
Diagram 2.1
Induced Lift
LIFT 7
ﬁ BERNOULLI'S THEORY ~
\ INDUCED LIFT —
R:W/ - P
— J . 3 —_—
Ve ' .
P--P" =147 125 = 228/IN?
= PRESSURE DIFFERENTIAL "
/
: Y
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Diagram 2-2 - __ - ’
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’ Dynamic Lift on a Kite j "
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Diagram 2-3 |

. . [ Y
Dynamic Lift
. REACTION
_ ] OF WING \
¢ “UPWARD"” .
. NEWTON'S THIRD LAW
.~ y o DYNAMIC UFT -
‘ .

N N
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s ACTION OF AN \“\K\
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Diagram 24 . -
Dynamic Lift +,Induced Lift = Total Lift ~
6. . - P ‘ K
. ! . )
b
= REACTION ,
OF WING . .. )
“PWARD" ' :
¢ . / NEWTON'S THIRD LAW
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LESSON 3 , ~ S
WHY AIR TRAFFIC CONTROL ~ o,
’
Conceptual Scheme \ ; * ) N ;
in order to insure safety in the alr, there mus( be some order or ruies to .
minimlze aircraft accidents. _ . ‘ > ‘
L3 ~

Objectives . h _

Upon completion of this lesson, the student should be able to: | -

1. define what constitutes any aircraft; ’

2. nama and descﬂbe four kinds of aircraft;

3. define alr tramc in ferms of approximate numbers of commercial, mmtaly. . - .
and general aviation aircraft; .

4. define the terms commercial alrcmft mititary aircraft, and general aviaflon -
aircraft; and

5. demonstrate an understanding of the National Airspace system. ) ' ‘

TO THE TEACHER -

This lesson concerns itself with the growing volume of air traffic. Aircraft are :
vehicles that constitute air traffic, much like the variety of vehicles thiat make up ’ . "
highway traffic. Just as we have cars, trugks, motorcycles, and buses, 80 does the
alr traffic consist of many kinds of aircraft such as airplanes of many sizes, in-
ciuding reciprocal engine pianes with propeliess, planes with jet engines, and the
many types of turboprop pianes; planes that are high wing pianes, low wing planes,
and biplanes; planss that are used commercially to carry passengers and freight;
planes used In agricuiture to dust crops and spray flelds;. and the thousands of
private planes used for pleasure. Alr traffic also includes hot air balloons, blimps,
gliders, and many different types of expsrimental aircraft. ¢

Without specific rules to regulate highway traffic, many more accidents would
" occur on our highways than presently do. If all drivers made up their own rules,
chaos and catastrophe would be rampant. The same would be,,tme for air traffic.

Rules must be formulated to insurs safety.

Thus, this lesson will help to make students aware of the great variety of air- -
ceaft that utllize the alrgpace over our nation and bring them to the realization that f
unless air traffic is controlled, tragedies would resuit.

¥
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{. What constitutes an alrcraft?
When is an aircraft an aircraft? An aircraft is any

~ contrivance now known or hereafter invented, used, -

cccccc

or designed for navigation of or flight {othe air. In the
broadest sense, an aircraft is any deyjce that files.
The FAA has developed detaiied guidelines which
assist In differentiating between the vast array of air-
craft. One method of classification is based on the
manner in which an aircraft sustains itself while air-
borne. Using this definition, aircraft may be divided
(nto. the following four categorles. Use Diagram 3-1,

Varieties of Aircraft, to lilustrate {hese cafegoies: -

1. Lighter-than-air
2. Gliders

3. Rotorcraft

4. Airplanes

Before listing the above categories, you might
have the class expiore the various qategories and

\

see If th?y can establigh the four groups of aircraft. .

il. Lighter-than-air

Historically, balioons were the {irst aircraft to
carry man into the atmosphere and enabled him to
break the bonds that held him to earth. The balioon

- 8till survives primarily for sport and tha highly ihflam.

mable hydrogen, previously used for lifting power,
has now been reptaced with noninflammable hellum
or by heated air. Use Diagram 3-2, Hot Al/r Balloon,
for illustration.

The bdlimp Is also another variety of lighter-than-
air. It generally has a rigid keel running along the bot-
tom of a gas-filled envelope. Usually a cabin or con
trol car is attached to the keel and twin sngines are
usually attached to either side of the cabinsor control.
car. Use Diagram 3-3, Biimp, as an overhead
transparency or a handout.! -

Another varie® of lighter-than-air craft ls the
dirigible or Zeppelin. These giant alrcrapé differed
from the blimp in that they had lightweight sluminum
frames. Diagram 3-4, Dirigible, can be used as an

overhead transpa or handout. | Z
. J ‘
lil. Gliders  ~

The salipiane Is bly the most popuiar Jiider

today. This type of'aircraft has excellent aerody-
namic characteristica. This aircraft aliows the pitot

) | ]

-TECHNIQUES AND STRATEQGIES

-

-

.
L

to apply his knowledge of air durrents and his skill |
controlling the sailplane to achiéye great aititudes
and long-duratioh flights. Diagram 3-5, Salip/ane,.
¢an be sffown as a modern glider.

.You might igtroduce a discussion of hang gliders
at this time: Are hang glidersdsonsidered aircraft by
our definition? Are they involved in sir traffic safety?
How can we find ouf? Stlidents might want to in-
vestigate through FAA some air safety controls on
hang gliders. Some student may wdnt to investigate |
the aerodynamics of hang gliding, others may do
some histotical research on bapg.glidiog,......... ...

V. Rotorcraft

Rotorcraft can be divided into two groups. Gyro-
plapes attain their thrust with a pusher-typge propelier
and attain lift with a free-wheeling rotor. Helicopters
attain their lift with a powsred rotor. The helicopter
has evolved into an extremely versatile aircraft
because of its abllity to fly slowly, hover, and ciimb
or descend vertically. Diagram 3-8, Rotorcraft, can

" be utilized to show bofh the gyroplane and the heli-

copter. Students may want to investigate the fact
that gyroplanes have enjoyed great popularity among
home buliders of aircraft. Several inexpensive kits
have been marketed and have been written up in
Popular Science and Popular Mechdnics magazines.

V. Ahpianes -

Alrpianes are the most Important type of aircraft
in terma of numbers, economics, socioiogical im-
pact, and national defense. Alrplanes can be -
classified on the basis of their Intended use, number
of engines, type of landing gear, and the location and
configuration of their wings. Diagram 3-7, Alrp/anss,
shows the four major divisions of airpliys. .

1. single engins, land . e

2. multi engine, land .

3. singlp engine, sea -

4. muith engine, sea '

' Vi. Aviation Today

23

All mircraft flying today can fit into any one of the
three main cdtegories of alrpraft designated by use.
The three categories are: General Aviation, Commer- -
clal Aviation or Air Transport Industry, and Mjlitary
Alrcreft. ' ' ]

25




Today there are approximately 225,000 general
aviation planes in opergtion throughout the United
States. Diagram 3-8, FAA General Aviation Foreogst
of Alrcraft, may be used to demonstrate the large

" numbers of general aircraft In recent years. General.

aviation Is a category that Includes ali civilian flying
except that performed by the air transport industry At
includes a wide range of aircraft uses that can be
grouped into five categories:

A Pe{sb‘nal‘flylﬁg—alrcraft ubad for pérsonql
Yurposes ssoclated with a businbss or profes-
sion ang not for hire

-

B. Business flying—-—aircrat.t that are owned or

leased by a company or indivigiual to trahsport ger-- »

sons or propaﬁy required by business
C. Commercial flying—scheduled énd non-

scheduled taxi service and aerial appéfcation

'(aor’!culmn‘\ - ‘
[ ] .

,“',"_ 4 . N 7

-Diagram 3-1 . .

Varieties of Aircraft

i
' 2

e

D. Instructional tlyirig—fiight training

- E. Other fiying——rasearch and development,

demonstration, sports; parachuting and fenylng

ﬂi ts, highway patrol, pipeline patrol, aer(al
fography, emergency and rescue opafiatlons S

Besides general aviation aiccraft, there is also
the Air Transport Industry or Commercial Airlines,
with approximately 2,500 alrcraft used for passenger
service and frelght servicd® Diagrasg” 3-9, Alr
Transport Industry, shows the growth ang develop-
ment of commerclaLaviat!on in ternYs of passenger
and freight growth

" The third mtlon category s Military Aviatfon,,
.which Includés all aircraft used for mmtary or

~ defense pu oSs. ¢

. {

a
'

+  AIRCRAFT

Y A DEVICE THAT FLIES

Ny

LIGHTER-THAN-AIR GLIDERS

s

ROTORCRAFT AIRPLANES

s
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Diagram 3-2 , : 3 : Diagram 3-6 "
Hot Air Balloon i Rotorcraft '

~ Diagram 33
Blimp

Diagram 3-7 —
Airplanes

. MULT!'-ENGQE\ .
. - . 4 . LAND )

Diagram 3-4 . _

Dirigible or Zepplin

. Diagram 3-5-
_' ‘S,aup&ne .




Diagram 3-8

~

ion Forecast of Aircraft
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| LESSON 4 ,
v | | N .
, - VFR \
‘ .
coneopmal ¢
1. A great percentage of ail flying In- the United Smes utliizes visual ﬂlght rules
" (VFR).

' 2. Assuming weather ons are above the applicable minimums, any

licensed pliot may fly from any $hcontrolied airport to any other uncontrolied airport
without talking to Air Traffic Control (ATC)
Ob’“”m o ‘ ' : : s
Upon completion of this lesson, the student should be able to: )
. 1. Identify the conditions necessary to obtain a pilot's llcense,
" 2. Identity conditions necessary for VFR;
3. identify services dvaliable to VFR pliots; and
4 Identify the VFR rules.

- TO THE TEACHER

Just as all automobliie drivers should have licenses, so should all alrcraft pllots.
Once a pliot obtains a license in the United States, and assuming weather cond}-
tions are above the appiicable minimums, he or she may take off and fly hundreds of
miles in any directio and lapd at any uncontrolled airport without ever wg under
ATC (Alr Tratfic Control).

When flying was very young, there were no rules and all ﬂlqht was done “by the
. seat of the pants.” All flighte were vigual, pilots followed certain familiar landmarks
and features on the ground, and somehow managed to get where they wanted to
Cilouds and fog were avolded and night fiying was done by only t 1
enced ptiots, using the lights of cities, towns, and vmages. Some of
turous navigated by the stars.

Visual flight has remainbd an important aspect of aviation and eveh today a
large percentage of ali flying is done visually. Even though many pliots fly visually,
this lesson will discyss some servloee avaliable t6 VFR pilots if they choose t\
them.

It Is important fo note that even under the most ideal conditions pliots, when

fiying VFR, must-abide-by centaln regulations and must be regulated in tum by alr
traffic control when entering or leaving any area of controlied alrcraft.

- 27 N



TECHNIQ

I. Discuss the feasibility of the licensing of pllots.
1. Why should piiots be licensed?

2. What physical qualifications would you expect
pliots to have? :

3. What skili§ should pilots have? -

4 Why shouid pilots have a basic understanding
of aerodynamics, alrplane systems, theory of flight,
alrport communications and alr traffic control,
weather, basic navigation, and iederal Aviation
Regulations? ¥

ii. Use Diagram 4-1, Pilot Certificate Gualifications,
for a discussion of general qualifications for applica-
tion for pliot's license. '

-

HI. Discuss pilot ratings, using Diagram 4-2, Pliot
Ratings, as an overhead transparency. The purpose
of this discussion about piliot certificates and ratings
is to show that In order for people to, obtain the
status of piio} of any kind of aircraft they must pass
specific written tests.and display competencies that

are very carefully monitored by the Federa! Aviation .

Administration (FAA).

IV. VFR or Visual Flight Rules are § set of rules that
apply to pliots even though the piiot may tly visually
without contacting any control facility. He/she must
stili follow certain rules designed primarlly for the
safety of all aircraft in any given airspace.

o -

\ V. Alrepace

" Because of the varlous airspace users’ opera-
tions and needs, certain restrictions must be placed+
on alrspace areas. As the complexity and density of
aircraft movements In specific airspace areas In-
creasgs, more ajrcraft and pliot requirements are
needed for operation in Such airspace. Generaily, all
airspace over the continental Ugited States can be

divided Into two Kinds of hirspace: Controfted and

Uncontrollied airspace ¢

Vi Use Diaoram 4-3, A Schematig Representation of
the Various Controlled and Uncontrolied Segments
of the Airspace In thg United States for discussion, it

AND STRATEGIES

LN

"

is important for pliots to know whether they are In
controlied or uncontrolled airspace so that they wili

_know Iif they are subject to Air Traffic Control and

also because different weather minimums (visibility, ~

celling, and distance from clouds) apply in the
various types of controlled and uncogjrolied
airspace. In this lesson our primary concern Is with
the aircraft operating under Visual Flight Rules In
controfted and uncontrolied airspace.

Vil. Uncontrolled 'Almpa'eo
Uncontroffed airspace is defined as that portion

of dirspace within which FAA Alr Traffic Control /

(ATC) does not have horrPV nor the responsibliity
to exercise any ¢ over air traffic. Uncontroiied
airspace is that portion of the airspace that has not
been designated as continertfai control area, control
area, control zone, terminal control area, or transi-
tion arpa. Use Diagram 4-3, Controlled and Uncon-
troiled Airspace, to familia ts with uncon-
trolied airspace. : .

Viil. VFR Reqyiremerts in Uncontrolied Alrspace

Diagram 4-4, VFR Vlslblllty and Distance from
Clouds, shows that there are sdbme very important
rules to follow while flying VRR. These ruies are
designed for the pmtectlon of alf alrcraft and person-
nel during tlight. R

IX. Uniike the land we travel on, the air Is a three-

. dimensional medium. On land, everyone traveis at

the same relative aititude—ground level—and as a
resuit we tend to bump into sach other or have head-
on crashes. To avoid this happening in the alr, there
are specific rules about what aititude to fly when you
are going in a tertain direction.

Diagram 4-5, Altitudes dnd Fiight Levels, shows
how this system works. Using the diagram, answer

.the foliowing questions:
1. If you were flying VFR with a compass heading

of 90°, whiat are some of your altitude options?

2. If you were flying IFR below 18,000 feet with a
compass heading of 270°, at what aititudes could

you fly? X
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‘Student Pilot

Bomiy

Age 18 minimum
Must read, speak, and

understand English .

. v ,
' Diagram 4-1
PILOT CERTIFICATE QUALIFICATIONS i |
b Private Pliot Commercial Pilot Alr Transport Pilot
Eligibility Elgibliity Eligibiity '

Age 17 minimum
Must read, speak, and ¥
understand Engfish

Age 18 minimum
Must read, speak, and
understand English

* Age 23 minimum~——~
. Must read, speak, and
understand English

. No accent orspeech . °
. / impediment .

, Aeronautical knowledge, Aeronautical knowiedge, Aeronautical knowledge, Aeronauticgl knéwle‘dge,
experience and skiils experience and skilis experience and skills experience and skilis
Knowiedge : : - Knowledge:

Pass written exam In Pass written axam in Pass written vxam in
Federal Aviation Federal Aviation Federai Aviation
Regulations, Cross- Regulations, Basic Regulations, Air Naviga-

* Country Flying, - Aerodynamics, Alrplane tion, Meteorology, Air
Meteorology, General » Operations, Principles Navigation Facliities,
Safety Practices of Safe Flight Radio Communication Pro-

! ures, Weight and
H gance Principles -
. Experience: , Experlence: Experience:
¢ 40 hours flying, 250 hours flying Must have a Com ial
including flight ' Pilot’s Miflcatew
instruction -and solo . . at lsast 1,500 hours
time ) * flying
[ h Y

Skill: Skifls Skilt; :
Pass test on applicable Pass test on applicable Must pass a practice
procedures and maneuvers procedures and maneuvers test

Medical: . Medical: Medical:
Third ciass medical Second class medical First class medical
certificate certificate certificate

f
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"blagram 4-2 .
Pliot Ratings \ :

.
-

~In addition t8 each of the pilot certificates issued, each piiot certificate must be rating
qualified in order to opserate the following various aircraft:

.

v

Airplanen Rotorcraft - Glider . Lighter-Than-Air
Rating: Rating: Rating: Rating:
Single engine, land Helicopter Glider or Sallplane Alrship
. Gyroplane Sallplane Free Balloon

" Multi engine, land
- Single engine, sea .
Mum engine, sea
' i
A pilot may also become an instrument rated pliot if he has 200 hours flight time, including 40
hours of Instrument time, and can pass a practlce test In Instrument flying.

o




" Diagram 4-3A ‘ oy
Controlled and Uncontrolied Airspace L
M ’ . } =
R | [————] POSITIVE CONTROL AREA
- ’ ﬁ """ NON-CONTROLLED AIRSPACE
‘ """ CONTROLLED AIRSPACE (VFR POSSIBLE)
FL 600 e =
FL@ - - Aeow 0ty "“' “ ~ e FLs.

. IN POSITIVE CONTROL AREA:
' ALL FLIGHTS IFR

. TRANSPONDER
DME (ANYWHERE ABOVE 24,000')
. ALL COMMUNICATIONS FREQUENCIES

FAR 91.33, 91.97 AND AIM-

—4— 1 MILE
1000° L 5 MILES VISIBILITY

.-'_‘--—_’4;@’——

1500',
8 - \

— 10,000
. : OUTSIDE CONTROLLED AIRSPACE
‘ * CONTROLLED AIRSPAC . 1000° !
FAR 71.7 AND FEDERAL REGISTER

1000

FAR 91,106
2.000 '
* 500°

sv] smuesvissiuTY  \EgTYy

1600 AGL MINIMUM

% ACROBATIC ALTITUDE ’
) FAR 91.71 27
/ - - - -
. R |
) . 200
1200' OR CHARTERED 1 MHLE VISIBILITY
A MSL ALTITUDE .
CDLOEON cipAR OF CLOURS

700° SECTIONALS FAR 91.106

*.
}
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Diagram 4-3B )
Controlled and Uncontrolled Airspace o
: \
4 I\
L . FLM —t A "
i FLA50
CONTINENTAL .
- | conroL . AIRCRAFT
AREA ) p ' POSITIVE  ~TRANSPONDER™"~ "=
CONTROL WITH 4096 CODES
RQUTES AREA  AND MODE C
‘ REQUIRED ,
— 18,000' MSL . . : .
- -
. 14,500 MS) v
A /'y I |l ;
. :l 1
+ - 1T-tr—-——- -r:-l--- 12,500 MsL}~ —
3 | ' S
" CONTROL AREAS AND TRANSITION AREAS{—H ¥ J—
. ' ’
|
- ONTROL ZONE :I L FEDERAL
le——CONTROL ZONEL ' | . AIRWAYS*
controL ZONE| H |
»—"*‘""""'W AGL—B “ l P
' A
M o AGL TRRL
—— e S e Sy g— _~—+-~'+L'*
(AIRPORT 1 |} 1200° AGL
TRAFFIC T |} |
I
| 2! : : .
} B 2
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Diagram 4-3C
Controlled and Uncontrolied Airspace -

. )
INDEFINITE -
60,000 N MS|
: &
. CONTINENTAL CONTROL AREA
‘ E ] .
) POSITIVE CONTROL
’ AREA
n . 18,000 IN MS
_ AW VAR N VS
o CONTROLLED AIRSPACE
. - 10 NM N
’ : _ {DIAMETER
— TCA y
SIZE & HEIGHT VARIES CONTROL
- ZONE -
3.000 IN AG
AIRPORT 1.200 IN AG
TR ' r_—"‘L TRAFFIC :
UNCON — ) TROLLED AREA = B AIRSPACE
AIRPORT AIRPORT  AIRPORT
A SCHEMATIC REPRESENTATION OF THE VARIOUS CONTROLLED AND UNCONTROLLED SEGMENTS OF THE AIRSPACE
IN THF U S “ ) .
Diagram 4-4 ,
Minimum VFR Visibility and Distance From Clouds
. UNCONTROLLED AIRSPACE . CONTROLLED AIRSPACE
r : ALTITUDE DISTANCE DISTANCE
DISTANCE MLOT AIRCRAFY MUST DHSTANCE PROT MRCRAFT MUST
: : MUST BE ABLE STAY AWAY MUST BE ABLE STAY AWAY
4 . TO SE¢ . FROM CLOUDS YO S&f FROM CLOUDS
) 1200° OR LESS ABOVE MUST BE ASLE - MRUST STAY MUST BE ABLE MUSY STAY AWAY
w;‘: TO SEE FOR CLEAR OF TO S8f FOR 1000 ABOVE
1 MILE ANY CLOUDS 3 WELES
‘ 1707 ABOVE f E
o . SURFACE .
L [ . 2000 EITHER SIOF
/‘F‘\ .
pakal) & w00 seow’ |,
uouie THAN 1200 ABOVE SURFACE BUT MUST BE ABLE MISY STA.V AWAY MUST ligl MUST STAY AWAY i
2 T0
3

LESS THAN 10.000° AROVE SEA LEVEL TO SEE FOR 0" ABOVE
1 MLk
‘ ]
~/§ 10.000° ABOVE
SEA LEVEL __’T

\——_—_ , ot~ Y
2000 ESTHER SIDE N 2000 GTNER SIDE

i
bE
i

1200
~es LT oiTms N ’ lwmm lmmow
MORE THAN 00 ABOVE SURFACE AND AT MUST BE ABLE MUST STAY AWAY MUST SE ABLE MUST GTAY AWAY
OR ADOVE 10006 ABOVE SEA LEVEL TO SEE FOR 1000 ABOVE O SEK FOR © ) 1000 ABOVE
.’ 5 MILES 5 MULES
R .
1200 ABOVE SURF
~ s
M $ MILE ETHER SIOE 1 MLE EYHER S8
Y '
16,000' ABOVE GEA LEVRL .
’ 1000° BELOW 3000 BELOW
“~
.
‘ 34 .
r" -
Q ' 3'-) -~ ’
EMCr ’ ' . .

Aruitoxt provided by Eic:



Diagram 4-5

Ahtitudes and Flight Levels

O

ERIC

Aruitoxt provided by Eic:

UNCONTROLLED AIRSPACE

84. ALTITUDES AND FLIGHT LEVELS

g
»

If YOUR MAGNETIC COURSE

{GROUND TRACK!) 18

L AR J 00D THOUSANDS, MSL, RUS 00D FLIGNT LEVELS MLUS 5007 BEGINNING AT FL 20 (FL X0,
S00° (3600, NSRO, 7SO EVC) 1FL 195, 215, 208 ETC) 0, M0,
190 TO M9° BEGINNING AT FL X0 (FL X0,

M0, 0. ETO

UNCONTROLLED AIRSPACE — IFR ALTITUDES AND FLIGHT LEVELS

# YOUR MAGNETIC COURSE

{GROUND TRACK) IS

~

SELOW T3.000° MISL, FLY

AT OR ABOVE FL B0, FLY Q00°

INTERVALS .

a

;YOI

ODD THOUSANDS. MSL. 000,
2000, 2000, £TCH

BEGINNING AT FL N0, (FL N0,
m, 30, €10

)
W YO W

EVEN THOUSANDS. MSL, (2000,
€000, 8000, £7C)

EVEN FLGHT LEVELS (FL 180,
X0, 20 £TCH

BEGINNING AT FL 110, (FL 310
M0, W0, £7Cr

a"\



' LESSON §
INSTRUMENT FLIGHT RULES (IFR)
§ .

Conceptual Scheme N :

Every IFR flight, reg of the weather, is a mission done cooperatively bya
the pilot and Air Traffic Control. The pliot must operate the craft within the
parameters and constraints established by Air Traffic Control and it is the
sibllity of Alr Traffic Control to provide separation between all flights under its

. jurisdiction :

Objectives | _ <

Upon completion of this lesson, the stydent shouid be able to:

1. identify the safety rules under which afi IFR flights must conform;

2. demonstrate an understanding of the Alr Traffic Control system, how it is
structured;

* 3. describe the enroute control system and how it operates; and

4. name the three functions of the Alr Traffic Control system as: survelilance,

communications, and control. .

rd

. 4
)

TO THE TEACHER

L]
IFR or Instrument Flight Rules afe the key to basic air traffic safety for all com-
mercial aviation flights and many general aviation flights. The Alr Traffic Control
vsystem, administered by the Federal Aviation Administration, is an air traftic safety
' , system set up nationwide, including Guam, Panama, and Puerto Rico. The system
: involves about 25,000 highly trained personnel, each with a mission designed to
contribute to maximum air traffic safety. The system consists of 25 enrouts traffic
R control centers, which will be described in the lesson; some 400 airport towers, and -
300 flight service stations. Administration of these faciiities requires tremendous -
cooperation and coordination—cooperation between the piiot and the controller
_ and coordination between controilers and the pliots. )
This lesson is designed to give the students some !dea of the vast network
. known as #he Alir Traffic Control systernt in operation 24 hours a day throughout the
United States.

1

q




. TECHNIQUES AND STRATEGIES

I. There are three basics or universals that all flights
‘havd In common with one another. Discuss with the
class what the phases of any flight might be and
which phase might be most critical to the eritire
flight. The three phases of flight are: Takeoff and
Climbout, Enroute, and Descent/Approach/Landing.
Use Diagram 5-1, Thfbe Phases of Flight, to review -
the three phases of any fiight.

II. All IFR flights are continuously monitored by Air
Traffic Control. Using the FAA bookiet, Air Traftic
Control, take the students through a typical commer-
cial flight using Diagram 5-2, Washington National
Alrport Area Map. ‘

- “Taxi Into position and hold.” Hold the flight at
this point and, using Diagram 5-3, U.S. Map Showing
FAA Air Route Traffic Control Center Boundaries,
show how the nation has been partitioned off into
reglons for the purpose of efficient and safe air traf-
fic control. Have students find thelr region and
decide which states are wholly or partially In their
region.

Many reglons are divided by natural boundaries,
many by state or political boundaries. Again using a
transparency of Diagram 5-3, decide which boun-
daries might be natural or political. Note that each
region has an Air Route Traffic Control Center
(ARTCC). ..

What is'the name of the center for your region?
The center is the “brains” of sach Alr Traftic Control
reglon. Within each center are the automated com-
puters that have entered into them a flight plan made
out by the pilot and turned in at a center or flight serv
ice station or any military operations office. All
centers are connacted through the computer.

i, Since each center controls a vast amount of
airspace—often as much ag 100,000 square miles—
it is divi into sectors. Use Diagram 5-4, Your
Local Reglon Divided into Sections, to lilustrate this.

V.’ There are' 25 Ailr Route Traffic Control Centers

{ARTCC) operstad by the FAA throughout the United -

States. They control more than 30 million fiights per
year. These enrgute centers control traffic from the,
time It leaves the immediate vicinity'of an airport
(usually 25 miles) until it reaches the vicinity of the
airport of destination. Have the students simuiate a
flight from Miami] to Boston and name the various

. automat

centers fhat would be keeping track of their fiight on
radar. )

(Answer: Miami Departure Control, Miaml -

ARTCC, Jacksonville ARTCC, Washington ARTCC,
New York ARTCC, Boston ARTCC, radar approach
control at Boston Alrport.

V. As you might have inferred by now, the whole Air
Traffic Control system is based on one very impor-
tant and vital development—radar. Using Diagram
5-5, Radar, show how the word radar originated and
the basic principte of radar. '

Vi. At one time, radar alone was the vital instrument

‘for detecting aircraft. Radar could tell you two

things: (1) something was out there, and (2) what
direction it was moving and approximately hqy fast.

The things that radar could not detect very
accurately were the aititude of the aircraft and the

identification of the aircraft. This had to be done by
radio communication, a8 time-consuming conversa-
tion when perhaps seconds couated in avoiding
accidents.

With the advent of more sophisticated tech-
nology, a tremendous Improvement was made in
radar detection of air traffic.

Vii. Using Diagram 5-8, Radar Identitication—Then
and Now, show how the new system works,

in prior years, when an aircraft controlier
detacted a bilp or target on his radar screen, he had
to identify that blip with a written tag that gave the
alrcraft ldentification number and altitude. Now
when an aircraft is picked up on a radar screen, it can
id&lly give the controller information about
itself. That information wiil show up right on the
dispiay screen and controllers can tell instantly what
alrcraft it is (Delta Flight 107, TWA Fiight 2086, etc.), at
what aftitude it is flying, and its apparent ground
speed. The device that made gl t&s possible Is

. calied a transponder.

The transponder Is triggered by the radar waves

and Instantiy sends back the information coded into

it to the Air Route Traffic Control Center.

Viil. Diagram 5-7, A Fuzz-Buster, works on the same
principle. When state patrol radar is beamed &t your
car, It triggers the fuzz-buster to signal to you that
you are being detected by radar and tracked.

[
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IX. We can now return to TransContinental Flight
483 holding on the north end of Runway 18. -

“TransContinental 483, cleared for takeoff.” Have
the students continue to read the booklet to the com-
pletion of the flight. it might be interesting to have a
Washington Center, Indianapoiis Center, and a
Chicago Center map showing jet routes and have the
students follow the flight on the maps.

*

-

Diagram 5-1 ,
Three Phases of Flight

T T T S U & ST e et e mwn—-———-—*—~1~«-.—--—n«-¢"
ENROUTE

TAKEOFF AND CLIMBOUT

.As the flight moves from one sector to another,
the computer aytomatically prints a fiight data strip
for the next sector just before the fiight enters that
area of control. This same process takes place when
one center is ready to hand off a flight to the next
center or approfich control facility. Computers talk
directly to computers, and the controllers are spared
a time-consuming chore.

-»

-

DESCENT, APPROACH, AND LANDING

— . .
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" Diagram 52 |
.~ Washington National Airport Area Map .
TN o -
' ~ .
- |
| \ -
* 1
' ' * e
h
8 ./,,' -~ -
1 -~
‘ 3 . | ~

X -

2 .

2 \ P -

~
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‘.3’ .
18 ,
TERMINAL
'\ REFER TO FAA BOOKLET,

AIR TRAFFIC CONTROL,
p. 1
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Diagram 53 N . {
FAA ARTCC Boundaries : | ' \
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Diagram 5-5 w. : . ‘ | o
Radar .

Ra{dio) D{etection) aind) Rlanging)
RADAR IS AN ELECTRONIC DEVICE THAT LOCATES OBJECTS BY BEAMING RADIO-FREQUENCY IMPULSES THAT ARE

REFLECTED BACK FROM THE OBJECT, AND DETERMINES ITS DISTANCE BY A MEASUREMENT OF THE TIME ELAPSED
BETWEEN TRANSMISSION AND RECEPﬂON OF THE IMPULSES.

r

+

ECHO BOUNCING BACK

..\
| \ \
R

RADIO WAVES

~

IF THE RADIATED SIGNAL IS IN THE FORM OF PULSES, THE TIME FROM THE
EMISSION OF A PULSE TO THE RECEPTION OF TS ECHO MEASURES THE
DISTANCE OF THE REFLECTING OBJECT. THIS TECHYIQUE IS CALLED RADAR. BY
. MEANS Of THE REFLECTION OF A BEAM THAT IS PULSED, BOTH THE DIRECTION
. . AND DISTANGE OF AN OBJECT CAN BE MEASURED.

&.ﬁ




Diagram 5-6 _ , : !
Radar Identification Then and Now

. s’
DISPLAY SCREEN WITH

BLIPS AND CRUDE TAGS
SHOWING IDENTIFICATION

IN THE PAST:

ELECTRONIC DISPLAY




FUZZ-BUSTER MESSAGE
TRIGGERED BY
RADAR

BEEPI  BEEP!
BEEP!  BEEPI
BEEP)

»w

ejdiouug bpuodsum

(:(

TRANSPONDER MESSAGE
TRIGGERED BY RADAR.

.[Kc

Aruitoxt provided by Eic:

DELTA 107 060 260

1
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Nt " . LESSON 6
]
AIRPORT TERMINAL FACILITIES

Conceptual Scheme )
\Airport terminal facilities are vital in giving flight assistance to ali VFR flights
and IFR flights when necessary.

Objectives
Upon completion of this lesson, the student will be able to:

" 1. identify ATIS as an.important service to pllots and a workload reducer for air
traffic controllers;

2. name information that is given on rhost ATIS broadcasts,

3. identify the responsibilities of the control tower or iocal controlier at any alr-
port; .
-+ 4, identify ground control in terms gf function and responsibility;

5. name the functions and duties of Approach and Departure Control; and

8. describe what a flight service station Is In terms of its functions and respon-
sibilities.’ ‘

R S

TO THE TEACHER j

. Airport terminal facilities provided by the FAA are among the most important
services any pliot can receive. The primary purpose of FAA facljities is to give infor-
‘mation, advise air traffic, and provide tratfic separation and weather information.

Each plece of quormatlon & pHiot can gather about his/her Ific flight helps
to make that flight more safe and more fuily insures the safety ohgthers.

Alrport terminal faciiities can be divided into specific araas based on the func-
tion of each facliity. Basically, the facilities at many alrports are:

1. Automatic Terminal Information Service (ATIS)
2. Control tower or local controllers

3. Approach and Departurs Control

4. Flight Service Station. )

47
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TECHNIGUES AND STRATEGIES

. Automatic Terminai information Service, or ATIS,

v is recorded information provided by the FAA at ali

majorair terminals. The recording is designed to give
the pilot both arriving and departing advance Jnfor-
mation on active runways, weather conditions, com-
munication frequencies, and any NOTAMs (Notices
to Alrman) atfecting the airport at a particuiar time.

All this information Is recorded on a tape and
transmitted continuously over specified commonly
used frequéncy. ig qny airport area.

Use Diagram 6-1, ATIS Infoog:gon, to record the
information on page 7 of FAA hure “Air Traffic
Control.”

“

’
’

il. As airport conditions change, such as wind direc-
tlon or velocity, aitimeter setting (barometric
pressure), or an active runway change, a new record-
ing Is made to refiect new conditions.

Have students make@n ATIS tape for an alrport
layout that each group (3-4 people) designs or give
sach group Diagram 8-2, Anytown Airport, and have
them make their own ATIS tape using the given air-
port. Remind the students that each time a tape Is
made it Is coded with a phonetic’ letter of, the
alphabet (Example: information Alpha or information
Quebsc).

" WL This might be a good time to introduce the Inter-

ngtional Phonetic Alphabet. Because of the

" thousands of miles that pianes ean travel in short

time periods and the many international borders that
can easily be crossed many times each daj, a com-
munications probiem could result. Various countries
of the world organized the Intemational Civil Aviation
Organization (ICAQ) and adopted English as the in-
ternational aviation communications language. This®
organization also adopted ¢ phonetic alphabet to be
used during radio transmissions.

Use Diagram 8-3, International Phonetic
Alphabet, to show that words have been substituted
for -letters. This substitution Is necessary because

many letters of the English language sound allke. B, ~

C, D ET,V, and Z could be confused with one
another during radio transmission.

Using the phonetic aiphabet, have students spell
thelr first namm aloud.

fV. Also a part of the air termigai faciiity is the con-
trol tower or local controller. After the pllot has
listened to the ATIS and has completed the preland-
Ing checklist, the ransmitter and receiver are

. switched'to the towsr frequency.

The pilot identifies his plane, gives his approx-
Imate location, and telis the tower the approach Is
being made according to Information “Alpha” (or
whatever the current information phonetic cods).

The controiler will acknowledge and give any ad-
ditional information the pliot needs to complete a
safe landing. Towers usually are responsibie for the
control of all airborne traffic within a specific area of

the airport, if the traffic Is either landing or taklng off.

if VFR conditions exist, the tower Is in contro! of
all VFR traffic within the alrport traffic area. Usuaily
this is within a five statute mile radius, including all
the airspace up to but not inciuding 3,000 feet above
the alrport,

IFR traffic during this time may be controlied by
Departure Control and Approach Control in this
same area. Use Diagram 6-4A, Ailrport Controlied
Area, as an overhead transparency to show the con-
trolfed area around most airports.

V. You might want to go into more detall and use
Diagiam 68-4B, Alrport .Controlled Areas, to show
controlied areas around major alrports with much

. IFR and VFR traffic. The area is stacked similar to an

_upside-down wedding cake. This system aliows the
controller more fiexibility during heavy traffic.

V1. if radio communication should break down, every

control tower has a powerful light gun which can

beam an lntensn, parrow light—either red, green, or

white—at the plam the tower is trying to contact.

The light gun is equipped with a gun sight similar to
!that onva rifie and, providing the pliot is looking in the
“direction of the control tower, the controiler can send
a limited amount of instructions. Use Diagram 6-5,
"Light .Gun Signals, to show the variety of visual
signals that can be sent. Have students bring in a
flashiight and or green plastic and communicats
with the class. Groups might want to make up a set
of light signais the teacher can use to communicate
with the class.
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'VIi. Once a pilot lands, he usually will switch to

Ground Control. The FAA ground controller is also
located in the tower and that controliet is responsi-
ble for the separation of traffic moving on the airport
surface. Diagram B8-8, Ground Control Services
shows the many useful services ground controi
might provids.

Vill. Approach and Departure Control, aithough
sometimes located at the airport tower facility, may
be located separately, away from the tower. Ap-
proach and Departure Control utilize radar to kesp
traffic spparated and this facllity most commonly
provides service to IFR traffic. VFR traffic could con-
tact Approach and Departuré Controi and request
Stage 1 Service (radar advisory service for VFR air-
craft). )

IX. Throughout the United States, there are approx-

imately 340 Flight Service Stations maintained by the

FAA. Use Diagram 8-7, Flight Service Stations, as &

transparency to show the totai effect of these sta-
ons. Use Diagram 8-8, Services Provitied by Flight
ervice Stations, to show the kinds of information
{lots can benefit from as provided by thess stations.
]

X. What are Flight Service Stations?

The automobiie driver as he drives along has many
things to assist him/her on his/her way. The driver
pas road signs, service stations, roadside parks, and
information centers. The driver uses these services

Diagram 8-1

Name of Airport

"‘l ‘ >
as needed and in times of emergency he/she can pull
off the highway and reconsider the situation.

The piiot cannot pull off to the side of the road, but
what he can do before, during, and after his flight Is
be in contact with a Fiight Service Station. :

Before flight, pilots can gather complete weather
information, not only about their own local area but
about weather along intended routes. Therse is aiso
information about geologic peculiarities of the sur-
rounding terrain and weather peculiarities of that
particular sector. Controilers at flight service sta-
tions might suggest flight routes, altitudes, indica-
tions of turbulence, icing, or any other information
important to the safety of a flight.

VFR pliots, after gathering all information, may
want to file a flight plan with the service station. The
piiot’s plan will inciude much information about the
flight and the aircraft. Diagram 6-9, VFR Fligm Plan,
shows information that is on a pian.

,+ As aplane takes off, the FSS will “open’ or ac-
tivate the flight pian and notify the destination air- -
port of the pilot's estimated time of arrival. it is the
pilot's responsibility to “close” his flight plan within
a haif-hour after his arrival. If the flight pian is not
“closed,” the Flight Service Station will initiate a
search for that plane and pilot—first by phone to air-
ports along the way and eventually by a full-fledged
search and rescue effort.

Flight Service Stations are truly a service to

pliots.

ATIS Recorded Information

“Toded Period (Phonetic Name)

Celling:

(City) Area Weather

Visibility:

Wind: ”

Altimeter Setting:

* g

~
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Diagram 6-2 : ) !

*DIAGRAM FROM AVIATION FUNDAMENT, ALS {SANDERSON).

Diagram 6-3
international Phonetic Aiphabet

(ICAO) INTERNATIONAL PHONETIC ALPHABET
A = ALFA {AL-FAH) N = NOVEMBER (NO-VEM-BER)
g L. BRAVO  (BRAN-VOM} © === OSCAR  (OSS-CAH)
C == CHARLIE  {CHAR-LEE) p o= PAPA (PAN-PAH)
D = DELTA (DELL-TAM) Q === QUEBEC  {KEH-BECK)
£ - ECHO (ECK-OH) R -=- ROMEO {(ROW-ME-OM)
Fooow- FOXTROT (FOKS-TROT) S --- SIERRA (SEE-AIARAN)
. G, == GOLF IGOLF) T - TANGO (TANG-GO)
H eeee HOTEL (HON-TELL) U o= UNIFORM  (YOU-NEE-FORM)
P INDIA UN-DEE-AH V ceee=  VICTOR  (VIK-TAH)
. J - JUUETT  UEW-LEE-ETT) W ==, WHISKEY (WISS-KEY)
K ~-= KiLO KEY-LOH) X =rem X RAY {ECKS-RAY)
L emmse LIMA {LEE-MAM) Y ~oem— YANKEE  (YANG-KEY)
M oo MIKE (MIKE) Z - 2uLy (Z0O-LOO)
d -
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Diagram 6-4A ' Diagram 6-4B
.

Airport Controuw Areas Airport Controlied Areas 4

{Common to Mom Airports)

TERMINAL CONTROL AREA

. .
DESIGNED TO SEPARATE ALL ARRIVING TRAFFIC AT
LARGE AIRPORTS (BOTH VFR AND (FR}

Amm-neo
* - l 2%9-\““«- AL ATLANS @

APTROALN DORTIROL 12 MRS OF ¢ I AAQ TR ST MW v & anTake acned wvey ' »
- .

ATLANTA TCA PLANVIEW
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Diagram 8-5 .
| Light Gun Signals

Color and Type of Signal . On the Ground In Flight ‘1
teady Green P Clear for takeoft Cleared to land '
Flashing Green o Clearad 1o taxi -Return for landing (to be followed
: ' , by steady green at'proper time)
Steady Red Stop ' Give way to other aircraft and
continue circling .
Flashing Red " Taxi clear of landing area Airport unsafe—do not land $
: (runway in use)
Flashing White ‘ Return to starting point on {No Asslghed Meaning)
alrport
rAltemaﬂng Red and Green General warning signal Exercise extreme caution
¢ . B il ‘
Diagram 6-8 - , .
. Ground Contral Services °
1. Provide the pllot aith exact taxl Instructions to 3. Supply transient pliots with Information about A
the-runway where he/she will take off. alrport tacliities:
2. Point out all hazards that might exist along the :' n’:;)rtee;z;?ed;:r:ice
route across the airport. .
c. Ramp Service
d. Give locations of many other places at the
airport .
Diagfam 6-7
¥
( EACH YEAR
FLIGHT SERVICE STATIONS M0 S D ons
4,000 CONTROLLERS

7 JTTTVN

WHO FLY 85,000 GENERAL AVIATION AIRCRAFT




Diagram 6-8
- . w
Flight Stations
lnformatton on the station's particular area, including:
~ 1. terrain _ 6. altitudes
2. weaather peculiarities 7. indiéations of turbulence
3. prefiight weather B. ic e e
4. Inflight weather rports ¢
5. suooeste?tes Fss initiates search and rescue when néded
Diagram. 6-9 .
. . Form Approved DMD No 2120-0038
US DEPAR OF TRANSPORTATION ‘ T TIME STARTED RS
" FEDERAL AVIATION ADMMISTRATION Wlﬁ@&'ﬂ OPROT BRIEFING  OJVNR g ' setLS
FLIGHT PLAN ‘.. LISTOPOVER !
t TYPE 2 AIRCRAFT 3 AIRCRAFT TYPE/ &amue 8 DEPARTURE POWNT & DEPARTURE TIME 7 CRUISING
IDENTIFICATION SPECIAL EOUIPMENT |  AIRSPEED ALTITUDE
VR : . PROPOGED (Z) | ACTUAL (D) _
- n ‘
OVFR . TS
N vonuam
- i’
2 DESTINATION (Name of swpert 10 EST. TIME ENROUTE 11 REMARKS
= g oS | swuTes L 2
L 3 }
12 FUEL ON BOARD 13 ALTERNATE AIRPORT(S) :cmomwmlm%smrmm hm
HOURS | WNLTER » :
37 DESTINATION CONTACT/TELEPHONE (OFTIONAL) 1
18 COLOR OF ARCRAFY CIVIL AIRCRAFT PELOTS. FAR Part 91 mquins you e an IFR fight plan under insinament hght nAes in
mmmummmmnMMbm%mwm ol he
Foderal Aviation Act of 1968, as smended). Filing of & VFR Bight plan s 7] operating peactice See alwo
. Fart 19 for requirements concmming DVFR fight plans. <
FAA Form 7233-1 e CLOSE VFR FLIGHT PLAN WITH FSS ON ARRIVAL
i ~‘
¢

b. Explanation of Flight Plan i ~ ,
Block 1. Check the type flig . Check both the VFR and IFR blocks if composite VFRAFR.

Block 2. Enter your complete alrcraft identification including the prefix “N" if applicable.
Block 3. Enter the designator for the aircraft or, If unknown, the aircraft manufacturer's nams (e.g.,
Cessna); followed by a slant () and the transponder or DME equipment code letter {e.g., c-182m

Block 4. Enter your computed true airspeed (TAS).

NOTE:—If IFR and the average TAs changes plus or minus 5 percent or 10 knots, whichever Is greater, ad-
vise ATC.
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: Block 5. Enter the departure airport Ident'mer code (or the name if identifier Is unknown).

NOTE.—Use of identifier codes wiil expedite the processing of your flight pian.
Block 8. Enter the proposed rture time in Greenwich Mdan Time (GMT) (Z) Ifa!rbome specify the
actual or proposed departure as appropriate.
Block 7. If VFR, enter the appropriate VFR aititude {to assist the briafer in pfovid!ng weather and
wind information) and, if IFR, enter the requested enroute altitude or flight level. .

NbTE.—Enter only the initial requested altitude in this block. When more than oneiER aititude or flight level .

is desired along the route of flight, it is best to make a subsequent request direct to the-controlier.
Biock 8. Define the route of flight by using navaid identifier codes (or names if the code is unknown),
: airways, Jet routesnd waypoints (for RNAV).
NOTE.—Use navalds or waypoints to define direct routes and radlals)bearings to define other unpubushed
routes. A
Block 9. Enter the destination airport identifier code (or name if identifies is unkn

NOTE.—Iinclude the city name (or even the state name) if needed for clarity
Block 11. Enter only those remarks pertinent to ATC or to the clarification of othet flight plan ihforma-
tion. items of a personnel nature are not accepted. Do not adsume tha s will be automatically
transmitted to every controlier. Specific ATC or Enfpute requgsts should be made directiy to t
appropriate controller.
Block 12. Specify the fuel on board computed from the departure point.
Block 13. Specify an alternate airport if desired or required, but do not include routing to the aiternate
airport. S~ — \
Block 14. Enter your complete name, address, and telephone number. Enter sufficlent info
identify home base, airport, or operator.
:,‘ NOTE.—This information would be essential in the event of search pnd [escue operation.
Block 15. Enter the total number of persons on board inciuding crew.
Block 16. Enter the predominant colgrs. Last Block. For VFR flight plans, record the FSS name for
closing the flight pian. If the flight plan is closed with a different FSS or facility, state the recorded
FSS name that would normally have closed your flight plan. ’

)

. NOTE.—Close IFR flight plans with tower, approach control, or ARTCC's, or if unable, with FSS When lan-
. ding at an airport with a functionlng control tower, iFR flight plans ars automatically cance!led ~ ’

-~ .
¢. The information transmitted to the des¥nation FSS for VFR Flight Plans will consist only of flight plans
blocks 2, 3, 9, and 10. Estimated time enroute (ETE) will be converted to the correct estimated time of arrivai

(ETA) for VFR fnght plans.

d.' The lnformatlon transmitted to the ARTCC for IFR Flight i’lans wiil consist of only tlight pian blocks 2, 3,
4,5,86,7,89, 10, and 11,

o. A desgfption of the ln{amational Flight Plan Form is contained h* the International Flight Information
Manual. \

v ‘ ~ \

-




[Y

{ | e mnuonmpﬂy- .

Pamphiets:

1. “Air Traffic Control,” Department-of Transporta- -
tion, Federal Aviation Administration,

Washington, D.C. 20591. Free.

. 2. “Federal Aviation Adminisiation,” Department
of Transponaﬂon, Federal Aviation Administra-

tion, Washington, D.C. 20591 Free.

Aviation Caredr Series:
3. “Pliots and Flight Enginders”
4, “Aviation Maintenance”
“Alrport Careers”
“Alrline Careers’
“Government Careers”

N oo

Aviation Career Series booklets available from:

' Superintendent of Documents
Retail Distribution Division w
Consigned Branch

8610 Cherry Lane
_Laurel, MD 20707

.

" Fiims: |

An “FAA Flim Catalog” is avaliable from Depart-
ment of Transportation, Federal Aviation Administra-
tion, Washington, D.C. 20591,

The following fiims are particularly applicable to

the unit “Safety in the Air.”

»“Basic Radio Procedures for Pliots.” 30 minutes.

#1118

"Jt May Even Save Your Life.” 15 minutes. #11208.

“Fllqht #62."" 14% minutes. ﬂ1127

Please request fiims at ieast one month In advance
of the date to be shown. Be sure to dpecify titie and
film number, complete address whers film is to be
shipped, first choice of show dates, and an aiternate
date in case yourfirst choice s not avallable Order

front:
FAA Ffim Service

c/o Modern Talking Pictures Service

5000 Park Street North

St. Petersburg, Fiorida 33709
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